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METHOD FOR INERT GAS WELDING OR INERT GAS SOLDERING OF 
WORKPIECES COMPRISING IDENTICAL OR DIFFERENT METALS OR 
METAL ALLOYS BY MEANS OF AN ADDITIONAL ZN/AL METAL 
[0001] The invention relates to a method for inert gas welding or inert gas 
soldering of workpieces made of identical or different metals or metal alloys, using an 
additional Zn base metal alloy. Workpieces made of steel, magnesium, aluminum, copper 
and alloys thereof are welded or soldered, and the workpieces to be joined may consist of 
identical or different metals or metal alloys. The invention further relates to a wire that is 
used in said method. 

[0002] In the motor manufacturing industry and particularly in car manufacture, 
the use of a variety of light metal components in bodywork construction has become common 
practice in order to reduce the overall weight of the bodywork, which has a positive effect on 
the overall fuel consumption. Frequently, components made of aluminum, aluminum alloys 
or magnesium alloys are used in this context. In fact, vehicles are now being marketed 
wherein these materials constitute much more than half of the bodywork thereof. 

[0003] The change of materials used in bodywork construction has also 
necessitated a corresponding adaptation of the prior art joining processes. While earlier 
bodywork construction essentially required sheet steel joining, it has now become necessary 
to provide joints between different materials in a way so as to allow use thereof in an 
industrial production process without major complications. 

[0004] To join sheet steel, such as galvanized thin sheet metal frequently used in 
bodywork construction, the prior art uses inert gas welding or inert gas soldering, among 
other things. Such methods have been described in DIN 1910-2. 

[0005] Metal inert gas welding is a method wherein a workpiece in the area to be 
welded is melted by means of an arc burning between a wire electrode in a flow of inert gas 
and the workpiece. The wire electrode may include welding additives and has to be adjusted 
to the material to be welded. In this way, the workpiece areas to be welded are joined with 
each other. 
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[0006] Using the above methods, steel as well as nonferrous metals are welded 
together. 

[0007] An alternative method is metal inert gas soldering which differs from 
metal inert gas welding merely by the fact that a solder melting lower than the base materials 
to be joined is used as wire electrode, so that the entire process can be carried out at lower 
temperatures. 

[0008] This method, also referred to as "MIG soldering", has gained acceptance 
particularly in joining galvanized thin sheet metal in the automobile industry. Compared to 
the corresponding welding methods, it offers the advantage of higher process safety, 
improved quality of the soldering seams, and high joint strength, as well as high corrosion 
resistance of the joined metal parts. In this method, argon or a gas containing argon can be 
used as inert gas for welding. These gas mixtures include active gases capable of generating 
smoother soldering seams and good seam transitions to the base material. To this end, a 
mixture of argon with minor amounts of oxygen is used, for example. 

[0009] Brazing solders or high-temperature solders such as copper base wires are 
employed as solder. Essentially, they consist of copper including various alloying elements 
such as silicon, aluminum, tin, nickel, zinc and manganese. The melting point of the solders 
is about 950 to 1400°C, and this is the region where such soldering is performed. Compared 
to the welding method, the soldering method also has the advantage that the thermal load on 
the component parts is considerably lower, and that the zinc layer of the galvanized thin sheet 
metal is not changed by the welding temperatures to such an extent that the corrosion 
resistance would be deteriorated. 

[0010] The invention described below is intended to provide an improvement of 
the welding or soldering method so as to allow similar joining of materials with each other 
and of different metals and metal alloys, especially those made of steel, aluminum, 
magnesium, copper or alloys thereof. Joining such materials by means of inert gas welding 
or inert gas soldering using zinc base solders has not been described as yet. 

[0011] However, other methods of joining steel and aluminum are known from 
the prior art. Thus, DE 100 57 180 Al describes a method of joining steel tubes and 
aluminum ribs. Therein, a zinc-aluminum alloy having an aluminum content of 0.5 to 
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20 wt.-% is used as solder. The joining method is effected in such a way that the solder layer 
initially is applied on the steel tubes or aluminum ribs using a flame-spray method or an arc 
method. It is only after that when the aluminum ribs are contacted with the steel tubes and a 
fluxing agent in the form of cesium aluminum tetrafluoride is applied. Thereafter, the steel 
tubes provided with the aluminum ribs are soldered in an oven at a temperature between 370 
and 470°C. The above method is a method comprising two process steps. In the first step, 
the solder is applied on the individual components. Subsequently, the solder undergoes 
cooling. In a second process step, the components are contacted, the fluxing agent is applied 
at room temperature, and the components are soldered in an oven. Obviously, such a method, 
especially in bodywork construction, cannot be performed in the form of an industrial 
continuous process. 

[0012] The technical object of the invention was therefore to modify the inert gas 
welding method or inert gas soldering method known from the prior art such that, in addition 
to joining identical metals, the method would also be suitable in joining different metals, 
particularly of steel, aluminum, magnesium, copper or alloys thereof. 

[0013] The above technical object is accomplished by means of a method for inert 
gas welding or inert gas soldering of workpieces (A) made of steel, aluminum, magnesium, 
copper or alloys thereof with workpieces (B) made of steel, aluminum, magnesium, copper or 
alloys thereof, using an additional molten metal alloy, wherein said workpieces (A) and (B) 
may consist of identical or different metals or metal alloys, characterized by the following 
steps: a method of joining workpieces made of steel with workpieces made of other metallic 
materials, using an additional metal alloy, characterized by the following steps: 

a) abutting or overlapping contacting of the workpieces to be joined; 

b) melting the additional metal alloy containing a Zn/Al alloy; 

c) applying the molten additional metal alloy on the contact surfaces or partial 
areas of the contact surfaces of the contacted workpieces; 

d) cooling the joined workpieces; 

steps b) and c) being carried out one immediately after the other, with at least steps b) 
and c) being carried out using an inert gas. 
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[0014] Considered as inert gases in the meaning of the invention are those gases 
or mixtures of gases which do not undergo any reaction with the additional metal alloy or 
with the material of the workpieces during the process. In a preferred fashion, noble gases 
are used to this end, especially argon. On the other hand, it is also possible to use mixtures of 
gases comprising inert gases together with active gases having an effect on the process or on 
alloy formation. For example, these include mixtures of gases comprising argon and minor 
amounts of oxygen or carbon dioxide. 

[0015] By employing said zinc base alloys as additional metal alloy and using an 
inert gas, workpieces made of different metallic materials can be joined in a single-step 
process which can also be performed in a continuous and automated fashion. Owing to the 
lower melting temperature of said zinc base alloy, ranging from 350 to 450°C, the entire 
process can be carried out at lower temperatures compared to previous inert gas soldering 
methods, being performed at about 1000°C. As a result, there is substantially less distortion 
of component parts because operations are possible at lower temperature in total. In 
particular, this also permits joining of very thin materials such as bands or sheet metals 
having a thickness of less than 1 mm. Furthermore, the lower temperature saves a 
considerable expense of energy in favor of the soldering process. Another advantage is that 
steel components, if used in the form of galvanized sheet steel, would not be damaged in their 
zinc coat owing to the lower temperature, that corrosion protection in the area of the welding 
seam or soldering seam is retained, so that laborious secondary operations to maintain 
corrosion protection are not necessary. 

[0016] Zinc has a melting point of 419°C and a boiling point of 908°C. 
Consequently, at soldering temperatures in a range of 1000°C, a major amount of the zinc 
coating of the sheet steel will evaporate. On the one hand, this interferes with the joining 
process and the strength of the joint and, on the other hand, results in a reduction of the 
corrosion resistance of the sheet steel, which is to be achieved by said zinc coating and will 
be destroyed during the joining process. By virtue of the method according to the invention, 
joining is effected at substantially lower temperatures, so that the above problem is avoided. 

[0017] Furthermore, the soldering joint thus produced was found to have high 
strength and good corrosion resistance. 
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[0018] In a preferred embodiment, the method uses workpieces made of steel 
comprising galvanized or non-galvanized steel. Today, fine and galvanized thin sheet metals 
intended to prolong the lifetime of vehicles are frequently used in the motor manufacturing 
industry. The average percentage of such sheet metals in bodywork construction is more than 
70% today. As a consequence, most of the motor manufacturers meanwhile grant anti-rust 
guarantee periods of up to 12 years. 

[0019] In a preferred embodiment the metallic materials consist of steel, 
aluminum, aluminum alloys, magnesium, magnesium alloys, copper and copper alloys. 
Particularly preferred are aluminum and aluminum alloys and aluminum-magnesium alloys 
frequently being used in the motor manufacturing industry today. They have good 
mechanical properties and, owing to their low specific weight, result in a reduction of the 
bodywork overall weight and thus in a reduction of fuel consumption. In a particularly 
preferred embodiment, materials made of steel, especially galvanized steel, are envisaged for 
joining with materials made of aluminum, aluminum alloys, magnesium, magnesium alloys. 
To this end, a zinc base alloy with aluminum is preferably used. 

[0020] In a particularly preferred embodiment the workpieces are joined using the 
inert gas welding/soldering method. 

[0021] The above method is a method wherein a solder is melted by means of an 
arc or a plasma or a laser, and the liquid solder is applied on the spots to be welded/soldered. 
Such methods are known as arc welding methods, plasma welding methods or WIG welding 
methods, and the method according to the invention involves the special feature that this 
method is performed using a zinc base solder. 

[0022] Particularly preferred is the arc welding/soldering method. The arc is 
burning between a wire electrode and the workpiece. The wire electrode is surrounded by an 
inert gas nozzle from which inert gas is passed to the spot to be joined. The wire electrode 
consists of said additional metal alloy, thus representing the solder by means of which the 
workpiece is connected. This method allows continuous joining of metallic materials in a 
single-step continuous process. Melting of the additional metal alloy is preferably effected 
using an electric arc burning between the wire electrode and the workpiece. When joining 
steel and light metals such as aluminum or magnesium and alloys thereof, the light metals are 
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partially melted in the method according to the invention. Furthermore, a solder is used, so 
that this method is a combined welding-soldering method. 

[0023] The method of the invention can be performed with or without fluxing 
agents. In general, a fluxing agent is used to facilitate melting of the solder during soldering, 
promote deposition of particular substances, or prevent oxidation. Especially in the case of 
aluminum, a fluxing agent is normally used in order to remove the interfering oxide layer. 
However, the use of fluxing agents is disadvantageous in that most fluxing agents are highly 
aggressive, causing corrosion of aluminum after joining with other metals. Additional steps 
are therefore required to remove the fluxing agents following thermal joining. Surprisingly, 
it has been found that the method of the invention can be performed without using any 
fluxing agents, and that high-strength and durable joints between the materials to be joined 
can nevertheless be produced. This is all the more astonishing as it is precisely such joining 
of different metals, e.g. made of alloys of steel, aluminum or magnesium, where extremely 
brittle intermetallic phases may be formed, giving rise to inadequate strength of the joint. 
Obviously, it is precisely that substantially lower temperature required in the method of the 
invention which avoids formation of said intermetallic phases, thereby achieving a joint 
higher in strength. 

[0024] As additional metal alloys, those zinc base alloys are preferably used 
which, in addition to normal impurities, include from 1 to 25 wt.-% aluminum. Particularly 
preferred are zinc alloys including from 5 to 15 wt.-% aluminum, and most preferred are 
those including 4 wt.-% aluminum. More specifically, the following zinc alloys can be 
employed: ZnAl 5 , ZnAl 15 , ZnAl 2 , ZnAl 20 , ZnAl 22 and ZnAl 4 . 

[0025] In addition to normal impurities, said zinc base alloy may include one or 
more alloying additives, particularly up to 500 ppm Mg, up to 500 ppm Cr, up to 2000 ppm 
Mn, up to 300 ppm Li, up to 4% Cu, up to 50 ppm B, up to 500 ppm Ti, and up to 1000 ppm 
Si. 

[0026] In the method according to the invention, the additional metal alloy is 
employed in the form of a solid wire or cored wire. If a cored wire is used, the core of such a 
cored wire may include appropriate additives required for soldering. For example, additives 
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can be fluxing agents (e.g. based on Cs), metal powders selected from the group comprising 
aluminum, chromium, titanium, manganese and nickel. 

[0027] In a preferred fashion the method of the invention is performed in such a 
way that the wire electrode made of zinc base alloy, surrounded by a flow of inert gas, is 
melted in an arc, plasma or laser, and the molten additional metal alloy is applied on the 
corresponding contact surfaces or partial areas of the contact surfaces of the contacted 
workpieces. This is done immediately after melting the additional metal alloy. 

[0028] The invention is also directed to a wire 0.8 to 3.2 mm in diameter for use 
in a method for inert gas welding or inert gas soldering of workpieces A made of steel, 
aluminum, magnesium, copper or alloys thereof with workpieces B made of steel, aluminum, 
magnesium, copper or alloys thereof, wherein workpieces A and B may consist of identical or 
different metals or metal alloys, using a molten additional metal alloy consisting of a zinc 
base alloy including an Al content of from 1 to 25 wt.-%. 

[0029] In another preferred embodiment the zinc-aluminum alloy may include 
one or more of the following alloying additives as single components or in combination: up 
to 500 ppm Mg, up to 500 ppm Cr, up to 2000 ppm Mn, up to 300 ppm Li, up to 4% Cu, up 
to 50 ppm B, up to 500 ppm Ti, and up to 1000 ppm Si. In a preferred fashion the wire can 
be a solid wire or a cored wire. 

[0030] The invention will be explained in more detail with reference to the 
following examples. 

EXAMPLES 

[0031] Tests were performed to produce soldered joints of galvanized steel parts 
with each other and of galvanized steel parts with aluminum parts using inert gas welding and 
zinc-aluminum solders. Welding units from various manufacturers were used. 

[0032] Galvanized steel parts 0.7 to 2 mm in thickness and aluminum parts 0.8 to 
2.5 mm in thickness were used as base materials. A ZnAl 4 solder wire in the form of a solid 
wire and 1.6 mm in diameter was used as solder material. Argon was used as inert gas. 
Overlapping joints and abutting joints were produced between the steel parts and between the 
steel parts and aluminum parts. 
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[0033] The setting angle was 45 to 80° and the inclination of the torch (electric 
arc at torch) was 60 to 90°. The spacing between the torch and the workpieces to be joined 
was 10 to 25 mm at the inert gas nozzle, and the path feed rate during soldering was 0.3 to 
1.3 m/min. 

[0034] It was found that when using the above parameters, it is possible to 
produce reproducible joints between steel parts alone and between steel parts and aluminum 
parts with even welding/soldering seam formation. Subsequent investigation of the 
mechanical-technological properties showed that breaking in aluminum material in through- 
soldered samples in a tensile test is outside the heat-affected zone (R^ > 205 MPa). 

[0035] This demonstrates that when using the method according to the invention, 
it is possible to produce e.g. firm and corrosion-resistant joints between materials made of 
steel and materials made of aluminum. 
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